Background Lifestyle risk factors such as obesity, overweight, smoking and radiation exposure related to thyroid cancer. This study estimated the amount of excess risk that attributed to risk factors.
Introduction
Thyroid cancer accounts for~2% of all cancer and also 95% of endocrine cancer. 1 In 2008,~213 000 new case were diagnosed with this cancer, with the highest rate in the USA and Israel and the lowest rates in Uganda.
2 At least a 30% relative reduction in prevalence of current tobacco use in persons aged 15+ years is one of the nine voluntary global targets that are defined for the prevention and control of non-communicable diseases.
3 Also the risk factors for thyroid cancer such as obesity, overweight and radiation exposure defined in most studies but some studies report that smoking protect thyroid cancer and some studies report that smoking increase the risk of thyroid cancer. [4] [5] [6] [7] The attributable risk indicates the number of cases of a disease among exposed individuals that can be attributed to that exposure. 8 Exposure to ionizing radiation is a welldocumented risk factor for cancer. The thyroid may be irradiated more than other tissues because of its position in the body and its ability to concentrate iodine. 9 Overweight and obesity are all associated with thyroid carcinoma risk and the strength of the association increasing with increasing BMI.
According to the WHO aims to reduce some of these risk factors and proven role of them in thyroid cancer, there for we need to know how much excess of these lifestyle risk factors may help reduce the risk of thyroid cancer.
To date, no meta-analysis has been performed yet to answer this question. In this meta-analysis, we reviewed the prospective cohort studies, conducted in different settings, to estimate the amount of relative reduction in the incidence of thyroid cancer that may occur if excess body weight, radiation exposure and smoking be controlled.
Materials and Methods
This systematic review was approved and funded by the ViceChancellor of Research and Technology, Arak University of Medical Sciences.
Eligibility criteria
We included prospective cohort studies addressing the association between lifestyle risk factors such as overweight, obesity, radiation exposure and smoking and thyroid cancer, irrespective of language, date of publication, nationality, race, age and gender. We excluded the prospective cohort studies that did not distinguish between types of risk factors for this metaanalysis. We also excluded the retrospective cohort studies.
The exposure of interest were overweight, obesity, radiation exposure and smoking. Overweight refers to a BMI between 25 and 29.9 kg/m 2 . 11 Obesity refers to a BMI ≥ 30 kg/m 2 . 12 Current smokers had smoked more than 100 cigarettes and had smoked in the past 30 days. 13 Thyroid cancer is a disease in which malignant cells form in the tissues of the thyroid gland that papillary and follicular malignancies are well differentiated carcinomas of this gland and are among the most curable cancers. 14 
Information sources and search
We searched PubMed, Web of Science and Scopus until February 2016. We also scanned the lists of lists of retrieved studies to identify additional studies. We used the following search terms individually and in combination: (BMI or obesity or overweight or radiation or ray or smoking or cigarette or tobacco or) and (thyroid) and (cancer or malignancy or neoplasm or tumor).
Study selection
We merged search results using EndNote reference manager software, and removed duplicate records. Then, we (M.B., H.S.) screened titles and abstracts in separate to remove obviously irrelevant reports. Disagreements were resolved by discussion. We retrieved the full text of the potentially relevant reports and examined full-text reports in order to identify the studies that would meet the inclusion criteria of this review. Agreement in selecting studies between authors' was quantified using kappa statistics (76.3%).
Data extraction
Data were extracted in an electronic data sheet prepared in Stata software. The data sheet included the following information: first author's name, year of publication, country, age mean, gender, risk factors, type of effect size (risk ratio, attributable risk fraction, rate ratio, hazard ratio), follow-up period, sample size, effect estimate and its associated 95% confidence intervals (CIs).
Methodological quality
The quality of reporting of the included studies was explored using Newcastle Ottawa Statement (NOS) Manual. 15 The NOS scale provides a checklist of items for judging the risk of bias in the included studies and allocates a maximum of nine stars to the following domains: selection, comparability, exposure and outcome. In this meta-analysis, the studies with seven staritems or more were considered high-quality studies and those with six star-items or less were considered low-quality studies.
Heterogeneity and reporting biases
Heterogeneity was explored using Q-test. 16 We also quantified inconsistency across the results of the studies using I 2 statistic. 17 We explored the possibility of publication bias using the Egger's 18 and Begg's 19 tests.
Summary measures
We estimated the excess risk thyroid cancer attributable to overweight, obesity, radiation exposure and smoking using attributable risk fraction (ARF) with 95% CI and ARF was obtained from this formula: ARF = (1 − RR)/RR × 100. Wherever reported, we used risk ratio and rate ratio and hazard ratio controlled for one or more potential confounding factors. We uses Stata software, version 11 (StataCorp, College Station, TX, USA) for data analysis. We analyzed data using a random-effects model with 95% CI. 20 
Results

Description of studies
We found a total of 14 877 references, including 14 123 articles through searching the databases until February 2016 and 754 articles through screening the reference list of the included studies. We excluded 1556 duplicates and 13 321 different studies remained, then we excluded 13 180 ineligible studies through reading titles and abstracts and retrieved 141 references for further assessment. We excluded 124 references because they did not meet the inclusion criteria of this meta-analysis. Finally, 17 prospective cohort studies remained for meta-analysis ( Fig. 1 ) involving 10 201 632 participants (Table 1) .
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Synthesis of results
The excess risk of thyroid cancer attributable to lifestyle risk factors is given in Figs 2-4. Based on these figures, excess risk of thyroid cancer attributable to radiation exposure was 14% (95% CI: 5%, 23%; eight studies, I 2 = 88.7%) (Fig. 2) , to overweight was 10% (95% CI: 2%, 17%; four studies, I 2 = 4.1%) (Fig. 3) , to obesity was 13% (95% CI: 5%, 21%; four studies, I 2 = 68.7%) (Fig. 3) and to smoking was −13% (95% CI: −33%, 6%; five studies, I 2 = 30.6%) (Fig. 4) .
Publication bias
The possibility of publication bias was explored using the Begg's and Egger's tests and visualized by the funnel plot. 
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Based on Begg's test, there was no evidence of publication bias among studies exploring excess risk of thyroid cancer attributable to overweight and obesity (P = 0.624), to radiation exposure (P = 0.216) and to smoking (P = 0.624). Also according to the results of Egger's test, there was no evidence of publication bias among studies exploring excess risk of thyroid cancer attributable to overweight and obesity (P = 0.268), to radiation exposure (P = 0.279) and to smoking (P = 0.0947).
The quality of the include studies was explored with NOS scale. According to this scale, 10 (58.82%) of 17 studies had high and moderate quality.
Subgroup analysis
The excess risk of thyroid cancer attributable to lifestyle risk factors was investigated by gender. This meta-analysis results indicated that the excess risk of thyroid cancer attributable to some of these lifestyle risk factors is similar across genders. The excess risk of thyroid cancer to obesity was 12% (95% CI: −1 to 23%) and to overweight was 26% (95% CI: 14-38%) in male. On the other hand, excess risk of thyroid cancer to obesity was 8% (95% CI: −1 to 18%) and to overweight was 23% (95% CI: 12-32%) in female.
Discussion Main finding of this study
The results of this meta-analysis, including 10 201 632 subjects from 17 studies indicated that lifestyle risk factors such as excess body weight, radiation exposure and smoking play an important role in the incidence risk of thyroid cancer. We found that obesity, over weight and radiation exposure were significantly associated with increased thyroid cancer risk, but smoking can protect thyroid cancer.
What is already known on this topic
There were several potential explanations for why obese individuals may have higher risk of thyroid cancer. First, there is a clinical association between higher serum thyroidstimulating hormone (TSH) levels and increased risk of malignancy in human thyroid nodules and advanced stage of the diseases. 38, 39 Some cross-sectional studies in euthyroid subjects demonstrated a positive association between serum TSH and BMI. 40 Second, leptin levels were higher in thyroid cancer patients compared to healthy subjects in a case-control study. 41 Leptin was also shown to enhance migration of papillary thyroid carcinoma cells (PTC cells)0. 42 Third, insulin resistance, a common metabolic perturbation in obesity, may play a role in thyroid tumor growth, with insulin directly binding to insulin receptors or stimulating insulin-like growth factor, estrogen, or other hormones, such as TSH, to enhance the proliferation of thyroid cancer cells. 43 Exposure to ionizing radiation is a well-known risk factor for thyroid cancer, particularly for papillary carcinoma. Therefore, it is likely that radiation exposure may also be a causative factor for rearrangement during transfection/papillary thyroid cancer (RET/PTC). This may be linked to the particular effectiveness of radiation in causing double-strand 
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breaks, which would be the direct cause of RET rearrangement. This mechanism may partially explain the association between radiation exposure and RET/PTC rearrangement in thyroid cancer. 44 Some studies suggests that there may be some biological mechanisms underlying association of smoking and thyroid caner. Compared to never or former smokers, current smokers have lower levels of TSH, 45, 46 triiodothyronine (T3), 46 and thyroxine (T4), 46 a lower prevalence of serum thyroid autoantibodies, 45 and a higher risk of Graves' hyperthyroidism. 45 TSH, in particular, has long been hypothesized to play a major role in the development of thyroid cancer. Cigarette smoking could also potentially influence thyroid cancer risk by altering sex steroid hormone levels. 47 
What this study adds
In this meta-analysis, we reported ARF. The ARF is a measure of how much of the disease risk is attributable to a certain exposure. Its main application is in public health and medical practice. 48 Indeed, the ARF is useful in answering the question of how much the incidence rate of thyroid cancer will be reduced if people, who have risky lifestyle, reduce their these risk factors.
Our findings also revealed that weight loss may reduce the risk of thyroid cancer from 2 to 17% among people who are overweight, from 5 to 21% among people who are obese. Also protecting against radiation may reduce the risk of thyroid cancer from 5 to 21% among who exposed to radiation. That means, prevention of these risk factors is effective in reduction of thyroid cancer. Our findings show that smoking may reduce the risk of thyroid cancer but smoking can increase risk of colorectal cancer, liver cancer, bladder cancer, blood cancer, skin cancer, lung cancer, breast cancer and pancreatic cancer [49] [50] [51] [52] [53] [54] [55] [56] there for it is not a good choice to protect risk of thyroid cancer.
We reported ARF for lifestyle risk factors that were entirely preventable, therefore we do not report some of risk factors such as family history.
Limitations of this study
There was evidence of moderate to high heterogeneity among the results of the included studies. There are several reasons that may explain the observed heterogeneity. Some studies had a very large sample size and therefore a narrow confidence interval, as was the case for the study conducted by Bhaskaran et al. 27 We know that I 2 statistic is a measure of inconsistency across the findings of the studies and reflects the extent of overlap of confidence intervals. 57 Therefore, one reason that may explain this heterogeneity may be the small within-study variance and the narrower confidence intervals. Other reasons that may explain part of the observed heterogeneity across studies is that studies come from different settings with different populations, sample sizes and follow-up periods.
There for primary objective of this meta-analysis was to evaluate the ARF for all preventable lifestyle risk factors of thyroid cancer, but due to limited number of studies for other risk factors (iodine, alcohol consumption), finally we only included these four risk factors (obesity, overweight, radiation, smoking). And also due to limited number of studies, subgroup analysis was not possible for some included risk factors.
Other limitations of this study was small number prospective cohort study, low-quality studies and inaccessibility to studies for different reasons such as very old studies and not published electronic papers.
Despite its limitation, this meta-analysis could efficiently estimate the incidence rate of thyroid cancer attributed to major lifestyle risk factors based on prospective cohort studies. We also estimated how much the incidence rate of thyroid cancer will decrease if these risk factors were controlled. Therefore, according to these result, partly priority of prevention of these risk factors were identified in exposed population.
Conclusion
The results of this meta-analysis showed weight loss, and protection against radiation can effectively reduce the incidence rate of thyroid cancer. The importance of this issue is that these risk factors preventable. Therefore, thyroid cancer can be reduced with appropriate training and awareness to the community and prevention of these risk factors. 
